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Real-time Updates For Earthquake Events Based On User Queries
ABSTRACT
This disclosure describes techniques for generation of timely earthquake alerts based on
crowdsourced user search queries that are posed in near real-time to an earthquake event. With
user permission, user intent about a search query is determined based on search query keywords
entered by a user. If it is determined that the user likely felt an earthquake, the user is served with
a yes/no question asking whether they felt shaking. User responses from multiple users and/or
other indicators such as analysis of device IMU data, social media posts, etc. are aggregated and
analyzed to determine whether an earthquake event has likely occurred in a particular region and
an associated confidence level, even in the absence of official information regarding the event.
Based on the confidence level, other users in that location that pose search queries about an
earthquake event are provided with information indicative of an earthquake event. When official
earthquake information becomes available subsequently, it is provided to the user.
KEYWORDS
● Emergency alert
● Earthquake alert
● User generated content (UGC)
● Shakemap
● Seismic event
BACKGROUND
Earthquakes are relatively frequent events, occurring at an average about 55 times a day.
Earthquakes can range widely in their intensity- generally, people can feel earthquakes that
measure more than about 3.0 on the Richter scale. Earthquakes can be severe events with far-
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reaching impact, potentially interrupting users’ current activity, waking them up from sleep, or
putting them in harm’s way. During seismic events, users often turn to social media and/or
search engines to validate whether what they felt was an earthquake, to understand its impact,
and to determine the necessary steps to stay safe.
Availability of high quality data on earthquake location and intensity can lag significantly
behind the real-time event, and in some cases, may not even be available. Therefore, users that
feel the earth shaking and perform a search via search engines immediately (e.g., using keywords
such as “earthquake near me” or “earthquake”) may be conducting their search before
information about a just-occurred earthquake is available to the search engine. In such a
situation, the user is sometimes provided with general information, e.g., a list of previous
earthquakes, rather than information about the event they are actually experiencing and seeking
more information about.
DESCRIPTION
This disclosure describes techniques for generation of timely earthquake alerts based on
crowdsourced user search queries that are posed in near real-time to an earthquake event. Per
techniques of this disclosure, with user permission, user search queries posed near the time of an
event are utilized to detect earthquake events and to provide immediate and preliminary
information to users, particularly when official (e.g., from US Geological Survey or other official
source) data is not yet available.
With user permission, user intent about a search query is determined based on search
keywords entered by a user. Queries from users that deny such permission are excluded from the
analysis for intent determination. For example, search keywords such as “earthquake near me,”

https://www.tdcommons.org/dpubs_series/3760

3

Rosenschein et al.: Real-time Updates For Earthquake Events Based On User Queries

“earthquake,” “earthquake now,” “earthquake today,” etc. are detected in user searches and are
utilized to determine if the user intent is associated with a local and a just occurred event.
If such intent is determined, indicating that the user has possibly felt an earthquake, the
user is served with a yes/no question asking whether they felt shaking. In situations where there
is low confidence regarding the actual event, serving the question can serve as an indicator to the
user that an earthquake may have occurred. User responses from multiple users are received,
aggregated, and analyzed. If at least a threshold number of user responses is received from a
particular region and at least a threshold proportion of such user responses are in the affirmative
(e.g., shaking was felt), it is determined (with a medium confidence level) that an earthquake
event has likely occurred in the particular region. The determination may be further enhanced
with the use of other data such as indications obtained from on-device analysis of inertial
measurement unit (IMU) sensor data on whether a significant event occurred (when devices have
such capability and when users permit such use), analysis of real-time social media posts, other
search engines, etc.
Based on the medium-confidence level (based solely on user queries, or in combination
with other information) for an earthquake at a given location, other users in that location who
pose search queries about an earthquake event are provided with information indicative of an
earthquake event. For example, a user searching for “earthquake” from a region where there is a
medium confidence level in an earthquake event occurrence (e.g., based on recent prior queries)
can be provided with a message, e.g., "There are reports of nearby shaking." A feedback signal
loop may be strengthened by also querying the user regarding their earthquake event experience.
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Fig. 1: Obtaining quake event information
Fig. 1 depicts examples of user queries associated with earthquake events. Fig. 1(a)
depicts a user query (“Earthquake near me”) entered (110) by a user when the confidence level
of an earthquake event occurrence is low, for example, when there is no official information or
insufficient crowdsourced data about the earthquake event. In response to the user query, which
is determined to be associated with a just-occurred earthquake event, a question about the user’s
experience (“Did you just feel an earthquake?”) is displayed (120), and a response is requested
(125) from the user. The user response is analyzed in combination with other received user
response and with other indicators, as described earlier. In this illustrative example, since the
confidence level of an earthquake event occurrence is low, earthquake information of a generic
nature (130) is provided to the user.
Fig. 1(b) depicts a user query (“Earthquake now”) entered (140) by a user when there is a
medium confidence level of an earthquake event occurrence, e.g., based on previously received
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queries. In response to the query, which is determined to be associated with a just-occurred
earthquake event, an indication of a local earthquake event occurrence and a question about the
user’s experience (“There are reports of a nearby earthquake. Did you feel it?”) is displayed
(150). A response is requested (155) from the user and is analyzed in combination with other
received responses. Further, generic earthquake information is provided (160) to the user.

Fig. 2: Earthquake event information is obtained as well as provided
Fig. 2 depicts a user query (“Earthquake”) entered (210) by a user when the confidence
level of an earthquake event occurrence is high, e.g., when an official earthquake alert is already
available. Confirmation (220) of the earthquake event (“There was an earthquake in Tbilisi,
Georgia”) is provided along with a question about the user’s experience (“Did you feel
shaking?”). A response is optionally requested (230) from the user and is analyzed in
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combination with other received user responses. Official earthquake information (240) from a
government agency, geological agency, etc. is displayed in the response. Other search results of
interest (250) can also be provided.

Fig. 3: Crowdsourced earthquake information is utilized to provide user alerts
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Fig. 3 illustrates an example workflow to generate user alerts based on crowdsourced
earthquake information, per techniques of this disclosure. A user query is received (310), via a
search engine (or virtual assistant, or other application). The query includes terms associated
with an earthquake. A query intent is determined (315) as to whether the query relates to a local
and just-occurred (or occurring) earthquake event. If it is determined that the query intent does
not relate to a local and just-occurred event and is therefore likely a general query about
earthquakes, search results are provided (325).
If it is determined that the user query relates to a local and just-occurred event, a question
is posed (330) to the user regarding their quake experience. For example, a yes/no question such
as “Did you feel shaking?” can be posed. A user response is received (340), and with user
permission, utilized for additional analysis.
A confidence level regarding a local and current earthquake event is determined (350)
based on available official information such as earthquake alerts, crowdsourced earthquake event
information received from other users, and/or other indicators such as device sensor-based data,
social media posts, other search engines, etc. A sliding time window can be utilized to determine
if a number of responses within the time window meets a predetermined threshold number of
responses from users within a particular region, and if the number of affirmative responses (e.g.,
users who responded that they felt shaking) meets a predetermined threshold rate, it may be
determined that an earthquake event occurred, with a medium level confidence being associated
with such a determination. Availability of official earthquake information, e.g., an alert from a
government agency can be utilized to update the confidence level that an earthquake event
occurred to high confidence.
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A response is provided to the user based on a level of confidence that an earthquake event
occurred. For low confidence level cases, no specific earthquake information is provided, and the
user is provided (390) with search results based on the original user query. In situations where
there is a medium level of confidence that an earthquake event occurred, indicative information
is provided (360) to the user, e.g., “There are reports of an earthquake event in your area,” etc. In
situations where there is a high level of confidence that an earthquake event occurred, e.g., based
on official alerts, etc., the official available earthquake event information is provided (370).
User responses to the user experience regarding the earthquake event are utilized to
update earthquake report data and determine update confidence levels (380). Search results based
on the original user query can be provided (390) to users.
While the foregoing discussion refers to earthquakes, the described techniques can be
utilized to obtain user input regarding any type of real-time event that has not been confirmed at
the time of receipt of the query, with keywords corresponding to the specific type of event being
recognized to provide prompts to request user confirmation. Information provided to the user,
based on determined confidence levels, is clearly marked to indicate that it is of an uncertain
nature and that the event may still be unfolding. User query data is utilized only for the specific
purpose of event verification, and is used only if permitted by the user.
Further to the descriptions above, a user may be provided with controls allowing the user
to make an election as to both if and when systems, programs or features described herein may
enable collection of user information (e.g., information about a user’s queries, a user’s
preferences, or a user’s current location), and if the user is sent content or communications from
a server. In addition, certain data may be treated in one or more ways before it is stored or used,
so that personally identifiable information is removed. For example, a user’s identity may be

https://www.tdcommons.org/dpubs_series/3760

9

Rosenschein et al.: Real-time Updates For Earthquake Events Based On User Queries

treated so that no personally identifiable information can be determined for the user, or a user’s
geographic location may be generalized where location information is obtained (such as to a city,
ZIP code, or state level), so that a particular location of a user cannot be determined. Thus, the
user may have control over what information is collected about the user, how that information is
used, and what information is provided to the user.
CONCLUSION
This disclosure describes techniques for generation of timely earthquake alerts based on
crowdsourced user search queries that are posed in near real-time to an earthquake event. With
user permission, user intent about a search query is determined based on search query keywords
entered by a user. If it is determined that the user likely felt an earthquake, the user is served with
a yes/no question asking whether they felt shaking. User responses from multiple users and/or
other indicators such as analysis of device IMU data, social media posts, etc. are aggregated and
analyzed to determine whether an earthquake event has likely occurred in a particular region and
an associated confidence level, even in the absence of official information regarding the event.
Based on the confidence level, other users in that location that pose search queries about an
earthquake event are provided with information indicative of an earthquake event. When official
earthquake information becomes available subsequently, it is provided to the user.
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